A general concept of 3D volumetric visualization systems is described based on 3D discrete voxel scenes (worlds) representation. Definitions of 3D discrete voxel scene (world) basic elements and main steps of the image synthesis algorithm are formulated. An algorithm for solving the problem of the voxelized world 3D image synthesis, intended for the systems of volumetric spatial visualization, is proposed. A computer-based architecture for 3D volumetric visualization of 3D discrete voxel world is presented. On the basis of the proposed overall concept of discrete voxel representation, the proposed architecture successfully adapts the ray tracing technique for the synthesis of 3D volumetric images. Since it is algorithmically simple and effectively supports parallelism, it can efficiently be implemented.
2.3D DISCRETE WORLD REPRESENTATION AND IMAGE SYNTHESIS
The systems of volumetric spatial visualization, based on voxel representation and 3D volumetric scene visualization, has recently been considered to be very promising but, at the same time, insufficiently investigated [1, [5] [6] [7] [8] . The following generalized concept of discrete volumetric 3D world representation and 3D volumetric image synthesis is proposed as illustrated in Figure 1 .
First, assume the following: 1) Voxel -a minimum 3D spatial element of some 3D space, discretized at a definite pitch. In general case, it is a 3D rectangular parallelepiped. In the simplest case, it is a 3D unity cube with unitary sides. 2) Voxelized discrete world/scene -volumetric voxel representations (models, approximations) of the objects and their surrounding 3D world space: 2.1) Parameters of the world spatial discretization -scene space resolution Ds and object space resolution Do.
2.2) World coordinate system (WCS) -OXYZ.
In WCS voxel scene space representation S is defined as array of , , voxels, where l, m and n are voxel indices in , corresponding to coordinates XYZ in WCS. The value of , , voxel sets a certain "space" characteristics of the scene space in the volume, defined by the given voxel (e.g. absorption ratio, etc.) 2.3) Voxel representation of the scene objects О i , defined within the object coordinate system (OCS) Figure 2 . Possible forms of the sight space VS E of the volumetric display VD E are presented that take into account the human eye specificity (eye and sight model as a reverse projection) in Figure 2 
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ISSN 2321-5976 P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P It is worth to mention that the main particularity of such an approach to volumetric spatial visualization is as follows. The image construction can be brought to the definition of the object voxels model, visible to the observer, within a specific spatial volume volumetric display. Moreover, the illumination parameters and other visual properties of the inner surrounding world space are considered.
3.SYNTHESIS ALGORITHM OF VOXEL WORLD VOLUMETRIC REPRESENTATION
To synthesize a volumetric representation of the voxelized world within the framework of the proposed concept, with the preset models of the objects in WCS, it is sufficient to do the following: 1. Construct a world voxel model: A voxel model represents the surrounding space and objects with their spatial disposition in the scene. If the geometry and the object optical properties don't change, the calculations at this stage are conducted as preprocessing once. 2. Conduct sight ray tracing procedure at the given step of spatial discretizing in the scene volume space, visible to the observer, until the first intersection with the voxel of some object, directly seen by the observer in the given point. 3. Define visual characteristics of the found voxel. It is necessary to carry out ray tracing to the sources of light and to correctly "mix up" the voxel proper color and its optical characteristics with the characteristics of the visible sources of light and the environment. 
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The above proposed algorithm is a generalized algorithm of the problem solution, involving synthesis of volumetric representation of voxel discrete world in a volumetric 3D IPS. The algorithm includes simplified definitions of refractions and reflections (solitary effects, analogous to the base ray tracing algorithm of [9] ). So, the proposed approach of combining spatial-discrete world representation and spatial discretized ray tracing makes it possible to construct the spatial representation in a quite simple and effective algorithmic way. It simultaneously solves a number of problems including stages of 3D graphic pipeline, scenario processing of geometric model changes, rendering with solutions of invisible surface removal and illumination problems, and proper visualization.
4.ARCHITECTURE OF DISCRETE VOXEL WORLD 3D VOLUMETRIC REPRESENTATION SYNTHESIS SYSTEM
Using the suggested concept of the discrete 3D volumetric world representation, the architecture of the proposed volumetric image synthesis system is shown in Figure 4 . The underlying processes and/or procedures of each processing block are as explicitly described in the corresponding steps of the proposed algorithm presented in Section 3, with the associated numbers for their referencing. To accelerate the process of the dynamic volumetric world representation synthesis, it is possible to make use of known computer graphics approaches such as paralleling, temporal and spatial decomposition of the treatment processing, temporal and spatial decomposition of the processing.
The main features of the proposed architecture are as follows: -It introduces the synthesis of new 3D voxel volumetric images.
-It allows the use of the existing technique of ray tracing on the basis of the proposed overall concept of discrete voxel representation of the world. It is also considered as an adaptation of the traditional architecture of ray tracing for the synthesis of 3D volumetric images that algorithmically constructs volumetric images using ray tracing. -It effectively supports parallelism since all involved ray tracer problems can be solved independently.
-It is algorithmically simple enough to implement. For example, the volumetric display organization can be used with the frame buffers to maintain the preset volumetric representation synthesis criteria. Also the pipeline treatment can be used to shorten the time of the 3D spatial visualization. Alternatively, it is possible to attach the computing components of 3D IPS to the corresponding world objects in order to provide parallel restructuring of the object spatial voxel models for the geometric affinitive transformations.
Volumetric geometry of discrete world
To effectively realize the suggested concept of discrete voxel world volumetric representation synthesis, one must be able to: -Productively generate voxel representations (models) of the spatial-discrete world objects.
-Carry out fast discrete ray tracing.
5.CONCLUSION
The article moves forward the concept of 3D volumetric world representations. A solution algorithm for the problem of the voxelized world volumetric representation synthesis, applied to the systems of the volumetric spatial visualization, has been suggested. The main steps of the image synthesis algorithm are formulated. A generalized architecture for synthesis of 3D volumetric discrete voxel world representations has been introduced. The basic features and advantages of the proposed dynamic volumetric image synthesis architecture are presented. On the basis of the proposed overall concept of discrete voxel representation of the world, the proposed architecture adapts the traditional technique of ray tracing for the synthesis of 3D volumetric images. Also, it can efficiently be implemented because it is algorithmically simple and effectively supports parallelism.
